Although respiratory syncytial virus (RSV) infection is the most important cause of bronchiolitis in infants, the pathogenesis of RSV disease is poorly described. We studied histopathologic changes in a panel of lung tissue specimens obtained from infants with fatal cases of primary RSV infection. In these tissues, airway occlusion with accumulations of infected, apoptotic cellular debris and serum protein was consistently observed. Similar observations were found after RSV infection in New Zealand black (NZB) mice, which have constitutive deficiencies in macrophage function, but not in BALB/c mice. A deficiency in the number of alveolar macrophages in NZB mice appears to be central to enhanced disease, because depletion of alveolar macrophages in BALB/c mice before RSV exposure resulted in airway occlusion. In mice with insufficient numbers of macrophages, RSV infection yielded an increased viral load and enhanced expression of type I interferon-associated genes at the height of disease. Together, our data suggest that innate, rather than adaptive, immune responses are critical determinants of the severity of RSV bronchiolitis.
The understanding of RSV pathogenesis primarily has been based on data obtained from experimental models of primary infection in rodents, which generate a robust, T lymphocyte-dominant immune response to RSV [5] [6] . Interferon (IFN)-γ production and cytotoxic CD8 T lymphocyte responses limit viral recovery in these models. The development of adaptive responses coincides with airflow limitation, whereas RSV associated lung injury is severely blunted in mice lacking both CD4 and CD8 T lymphocytes, despite an increase in virus recovery [7] [8] [9] . Thus, T lymphocyte responses in rodents are critical determinants of both RSV clearance and tissue injury. In contrast, the contributions of innate immune responses are less certain. NK cells are thought to promote the antiviral CD8 response, and their recruitment is dependent on binding of RSV F protein (RSV F) to Toll like receptor (TLR) 4 [10, 11] . However the importance of NK cells either in viral clearance or in the immunopathologic changes associated with RSV has not been established. RSV induces less type I IFN than do other viruses, possibly because of the interfering actions of RSV encoded nonstructural proteins [12] [13] [14] [15] . Mice lacking the type I IFN receptor (IFNAR) demonstrate virus recovery similar to that shown by wild type littermates, with minimal change in lung pathologic findings [15] . Plasmacytoid dendritic cells (pDCs) are an important source of IFN α, and studies of pDC depletion have suggested that pDC derived IFN α limits RSV associated tissue injury by suppressing the CD4 T lymphocyte response, rather than through a direct antiviral mechanism [16, 17] . Together, these studies suggest that any role for innate immunity in limiting viral replication is redundant to other clearance mechanisms, and that type I IFN signaling modestly influences immunopathologic changes.
The most serious consequences of RSV infection occur in neonates and elderly individuals, and either immunologic immaturity or an impaired immune response to infection has been implicated in disease exacerbation [18] . In this regard, in vitro studies of alveolar macrophages obtained from infants [19] [20] and from elderly subjects [21] have demonstrated multiple functional deficiencies, including impaired oxidative burst, chemokine release, and phagocytosis, compared with alveolar macrophages acquired from healthy adults. Deficiencies in macrophage function, including poor recognition and uptake of apoptotic cells, have also been reported in patients with systemic lupus erythematosus (SLE) [22, 23] and in multiple mouse strains, including SLE predisposed New Zealand mice [24, 25] . Therefore, we investigated the consequences of RSV infection in New Zealand black (NZB) mice, to determine whether impaired macrophage function might affect the respiratory viral disease phenotype. In young NZB mice without the SLE phenotype, we observed greatly enhanced primary RSV disease, with pathologic characteristics strikingly similar to those associated with RSV bronchiolitis in human neonates. Our studies highlight the role of macrophages in both viral clearance and resolution of inflammation associated with RSV infection. In the context of impaired macrophage function, innate immune responses may accelerate immunopathologic changes and provide novel therapeutic targets in serious RSV disease in humans.
Methods

Animals involved in experiments.
Six week old NZB and BALB/c mice were obtained from Harlan and Jackson Laboratories. All in vivo experiments were conducted according to the guidelines of MedImmune's institutional animal care and use committee.
RSV infection.
Mice were subjected to anesthesia with isoflurane before intranasal administration of pfu of RSV strain A2 (RSVA2). Experiments were terminated on day 6 after infection. For depletion of alveolar macrophages, empty liposomes (NOF Corporation) were formulated with saline buffer with or without clodronate (hereafter referred to as "clodronate liposomes") (Sigma), according to the manufacturer's recommendations. Fifty microliters of clodronate liposomes, an equal volume of empty liposomes, or saline vehicle alone was administered intranasally. RSV infection was performed as previously described, 48 h after liposome administration. Anti-mouse IFNAR (provided by R. Schreiber) or isotype control monoclonal antibody (MedImmune) was administered at a dose of 40 mg/kg via the intraperitoneal route, 12 h before infection and then on day 3 after infection.
Virus recovery Lung tissue was homogenized in saline buffer. Serially diluted samples were added to monolayers of Hep2 cells. On day 10 after infection, cell monolayers were fixed and stained with crystal violet to aid in plaque identification. Virus recovery was calculated and expressed as the number of plaque forming units per milliliter.
Lung lavage. Animals were euthanized using CO 2 . The airway was cannulated and underwent lavage with 0.5 mL of saline. Cytokines and chemokines were measured in lavage fluid by use of commercial kits, and lavage associated cells recovered by low speed centrifugation underwent flow cytometric analysis for the detection of surface markers. Detailed protocols are provided in appendix A, which is not available in the print version of the Journal.
Detection of transcripts and proteins in whole lung tissue specimens. RNA was purified from whole lung tissue specimens by use of an RNeasy Plus Mini Kit (Qiagen), and cDNA was synthesized using the Sprint PowerScript Double PrePrimed 96 Kit (Clontech). Gene expression was measured using TaqMan real time polymerase chain reaction (PCR; Applied Biosystems) performed according to the manufacturer's protocols and is described in appendix A, which is not available in the print version of the Journal. For ELISA measurements, lung tissue specimens were homogenized and clarified, and pooled lung tissue specimens were assessed in triplicate wells. Soluble Fas and cytokines were detected using commercial reagents, as detailed in appendix A, which is not available in the print version of the Journal.
Macrophage assays. Peritoneal macrophages were collected by lavage with ice cold saline on day 4 after administration of thioglycollate. Apoptosis was induced in Jurkat cells by treatment with staurosporine, 5 µmol/L, for 24 h. The epithelial cell lines MLE 12 and NZBK (i.e., a respiratory syncytial virus (RSV)-permissive kidney cell line derived from the NZB mouse strain; provided by Jay Levy) were infected with RSVA2 at an MOI of 10 for 24 h. Target cells were labeled with carboxyfluorescein succinimidyl ester (CFSE) and were coincubated with peritoneal macrophages for 45 min. Macrophages were collected, and fluorescence was determined by flow cytometry. To study the release of inflammatory mediators by macrophages, apoptotic cells were opsonized with recombinant galectin 3 (R&D Systems) and then were coincubated with macrophages for 18 h. Cytokines were assessed in supernatants by multiplex ELISA.
Human RSV bronchiolitis. Postmortem lung tissue specimens were obtained from infants with fatal RSV bronchiolitis ( ) at Hospital Roberto del Rio (Santiago, Chile). RSV infection was confirmed by identification of viral antigen through immunohistochemical analysis (IHCA). Uninfected human lung tissue specimens obtained from infants dying of asphyxia were obtained from the Brain and Tissue Bank for Developmental Disorders at the University of Maryland (Baltimore).
Histopathologic assessment and IHCA. Lungs were inflated with buffered formalin and then were embedded in paraffin blocks for processing. Sections were deparaffinized using consecutive xylene washes, and they were rehydrated using an ethanol gradient. After rehydration, heat induced epitope retrieval was performed. IHCA was performed using antibodies detecting proliferating cell nuclear antigen (PCNA; AbCam), Fas (Chemicon), or total RSV antigens (Chemicon), according to the manufacturer's instructions.
Statistical analysis. Data are expressed as mean values (±SE). Significance was assessed using a paired Student's t test, with denoting statistical significance.
Results
Histopathologic characteristics of RSV infection in mice.
After inoculation with pfu of RSVA2, BALB/c mice develop mild early disease in which virus recovery peaks at approximately day 4 after infection and inflammation peaks at approximately day 6, when virus recovery is decreasing [5] . At the peak of inflammation, BALB/c mice demonstrate perivascular infiltration and interstitial accumulation of lymphocytes; there is no occluding material in the airway, and peribronchiolar inflammation is sparse (figure 1A-C). We expected to find similar characteristics of acute infection in 6 week old NZB mice, which have the same H 2d haplotype as BALB/c mice and display no autoimmune symptoms. Instead, we found greatly enhanced acute respiratory disease that was fatal in 30% of NZB mice by day 6 after infection. Histologic assessment of lung tissue specimens demonstrated a massive immune cell infiltrate around vessels and bronchioles and within alveolar spaces ( figure 1D-F) . Occlusion of small and large airways with an admixture of serum protein, cellular debris, and inflammatory cells was prominent ( figure 1E, arrowheads) . The obstructing material and bronchiolar epithelium were found to have negative results of periodic acid-Schiff (PAS) staining ( figure 1F ). Enhanced disease in NZB mice was entirely dependent on virus infection, because UV irradiated virus yielded no inflammation or airway occlusion (see figure B1 , in appendix B, which is not available in the print version of the Journal). Comparison with RSV disease in human neonates. Histologically, the pathologic changes observed in NZB mice after RSV infection were strikingly similar to the changes recently observed in humans neonates with RSV disease [26] . Analysis of tissue specimens obtained at autopsy from human neonates with RSV bronchiolitis revealed dense inflammatory infiltrate and occlusion of the airway with PAS negative serum protein and fluid mixed with cellular debris (figure 1G-I). In lung tissue specimens obtained from both RSV infected NZB mice and from humans with fatal RSV bronchiolitis, RSV antigen was prominently detected in both the alveolar and the bronchiolar epithelium, as well as in the cellular debris within occlusions (figure 2). In addition, robust expression of the apoptosis marker Fas ( figure 3A ) and the proliferation marker PCNA (figure 3B) was detected in the respiratory epithelium, suggesting ongoing epithelial apoptosis and reparative processes in both humans and NZB mice after infection. Enhanced Fas expression in the susceptible NZB strain at the peak of RSV infection was confirmed by ELISA performed on whole lung homogenates (see table C1 , in appendix C, which is not available in the print version of the Journal). Antiviral cytotoxic responses in mice. Recovery of virus from susceptible NZB mice was increased 10 fold, compared with recovery from BALB/c controls (see table C1 , in appendix C, which is not available in the print version of the Journal). Therefore, we investigated whether an inefficient or skewed immune response to RSV might be responsible for both increased viral recovery and greater lung tissue damage. Previous studies involving immunocompetent mouse models have implicated irregularities of the adaptive immune response, either lymphocyte hypersensitivity or altered T helper lymphocyte skewing, in enhanced acute RSV disease and delayed viral clearance [5-9, 16, 17] . We recovered fewer T lymphocytes from the lungs of NZB mice, compared with BALB/c mice (figure 4A), with similar CD4:CD8 ratios and similar IFN γ production noted in the 2 strains. Thus, enhanced T lymphocyte responses to virus infection seemed not to be responsible for enhanced disease in NZB mice. We also examined whether CD8 T cells were functionally flawed in the NZB strain. In a flow cytometry-based assay, lung lymphocytes exhibited cytolytic activity against an RSV infected, major histocompatibility complex (MHC)-matched epithelial cell line.
The cytolytic activity of lymphocytes acquired from NZB mice was similar, on a per cell basis, to that of lymphocytes acquired from the BALB/c strain (see figure B2 , in appendix B, which is not available in the print version of the Journal). In summary, we observed an 4 fold reduction in CD8 + T cells in susceptible NZB mice, compared with MHC matched BALB/c mice, with normal IFN γ production and no intrinsic defect in cytolytic activity noted. Taken together, these subtle differences in adaptive immunity are insufficient to explain the extreme susceptibility of NZB mice to RSV. 
Antiviral and anti inflammatory macrophage functions in mice.
Mice prone to autoimmune disease, including New Zealand strains, have deficiencies in macrophage function, including poor recognition and phagocytosis of apoptotic cells [24, 25] . We tested macrophages obtained from BALB/c and NZB mouse strains for the uptake of 3 separate cellular targets: RSV infected mouse epithelial cells derived from either NZB or FVB strains and from apoptotic Jurkat T lymphocytes. NZB macrophages were less efficient at target cell uptake ( figure 4B ). To determine whether the release of inflammatory mediators from macrophages differed between NZB and BALB/c mice, macrophages were stimulated with nonspecific stimuli, such as Toll receptor ligands or opsonized target cells, for 18 h, and supernatants were analyzed for proinflammatory mediators. Activated BALB/c macrophages released high quantities of chemokines, including keratinocyte derived chemokine (KC); regulated on activation, normally T cell expressed and secreted (RANTES); monocyte chemotactic protein-1 (MCP 1); and tumor necrosis factor (TNF)-α ( figure 4C ). BALB/c macrophages also secreted interleukin (IL)-12 70 kDa subunit (IL 12p70) after TLR4 ligand stimulation.
In contrast, after stimulation with Toll ligands or opsonized cell targets, NZB macrophages produced less KC and TNF α, little MCP 1, and no IL 12 p70 with lipopolysaccharide stimulation. We hypothesized that the hyporesponsiveness of macrophages to RSV infected targets and apoptotic inflammatory cells might be associated with bronchiolar occlusion, and we considered the possible role of alveolar macrophages in limiting RSV associated disease in BALB/c mice. In published studies of clodronate liposome formulations [27], a single intranasal administration depleted alveolar macrophages from the lungs of healthy BALB/c mice within 48 h, without triggering recruitment of inflammatory cells to the tissue. We confirmed this observation in our own studies (see figure B3 , in appendix B, which is not available in the print version of the Journal). We therefore compared primary RSV infection in BALB/c mice that received an intranasal dose of clodronate liposomes with primary RSV infection in BALB/c mice that received saline vehicle control. We also examined RSV infection in mice receiving empty liposomes, which dampen the phagocytic capacity of macrophages without cell depletion [28] . Recovery of virus from the lungs was increased >10 fold in animals receiving either clodronate liposomes or empty liposomes before RSV infection, compared with animals receiving saline vehicle ( figure  5A ). Overall, inflammation was similar among all RSV infected groups. However, bronchiolar occlusion with serum protein and cellular debris was present in BALB/c mice receiving the empty liposome formulation, and it was prominent in BALB/c mice with alveolar macrophage depletion (figure 5B-C). Of note, inflammatory mediators associated with macrophage activation in vitro, including RANTES, KC, TNF α, and macrophage inflammatory protein-1α (MIP 1α), were reduced in the lung tissue of clodronate liposome recipients after RSV infection (see table C2 , in appendix C, which is not available in the print version of the Journal). IFN γ levels were elevated after RSV infection in all treatment groups and did not correlate with blockade of the airways. figure 6B ). Although neither IFN α nor IFN β was detected in lung tissue specimens by use of ELISA (data not shown), there was an 30 fold increase in the type I IFN-induced transcript oligoadenylate synthetase 3 (OAS3), the IFN induced gene with tetratricopeptide repeat 1 (IFIT1), and IFN induced gene 44 (IFI44), at the peak of illness in NZB mice, compared with sham infected mice (figure 6C). Monokine induced by IFN γ (MIG) protein was increased in the lungs of NZB mice after RSV infection (see table C1, in appendix C, which is not available in the print version of the Journal). In addition, after infection, IFN inducible myxovirus resistance (Mx) protein was robustly detected in the bronchiolar epithelium, where viral antigen was localized (see figure B4 , in appendix B, which is not available in the print version of the Journal). Similar codetection of Mx protein with viral antigen was found in BALB/c mice in which alveolar macrophages were depleted before RSV infection, but not in BALB/c mice with intact lung macrophages (see figure B5 , in appendix B, which is not available in the print version of the Journal). We then considered whether defects in the intracellular antiviral state might contribute to enhanced viral burden in NZB mice. To address this hypothesis, NZB mice were administered a prophylactic dose of IFNAR neutralizing monoclonal antibody or an isotype matched control antibody before RSV infection. The IFNAR neutralizing antibody significantly reduced detection of IFIT1, OAS3, and IFI44 ( figure 6D ). At the same time, detection of the RSV transcript encoding N protein was enhanced (figure 6E), suggesting that the intracellular antiviral state was functional in infected NZB mice. Thus, innate immune pathways appear to be intact, exaggerated, and yet insufficient to clear RSV infection in NZB mice.
Discussion
In immunocompetent mouse models, and, presumably, in adult humans who have limited lung pathologic findings after RSV infection, cytotoxic and IFN γ-producing lymphocytes, including NK cells and CD8 + T cells, contribute to protection by limiting virus replication and destroying virus infected epithelial cells. Depletion of CD8 + and CD4 + lymphocytes in immunocompetent mice results in higher virus recovery after infection, but it does not lead to the extensive inflammation and obstruction of the airway lumen seen in NZB mice in this study [9] . This observation points to a second mechanism (not requiring lymphocytes) that limits inflammation after primary RSV infection. Our data strongly suggest that the alveolar macrophage is responsible for attenuating lung inflammation triggered by RSV. In NZB mice, which lack normal macrophage responses to infected cells and apoptotic debris, enhanced RSV immunopathologic findings were observed. In fact, numbers of cytolytic NK and CD8 cells, together with the level of local IFN γ secretion, were in the range considered to be normal in NZB mice and yet were not sufficient to limit acute RSV disease. Similar enhanced disease was observed in wild type BALB/c mice in which alveolar macrophage function was antagonized using either clodronate liposomes to deplete macrophages outright or empty liposomes to saturate phagocytic capacity without depletion. It is important to note that, even in immunocompetent animals, NK cells and CD8 lymphocytes, which are minimally phagocytic cells [31] , and IFNs do not clear virus by themselves but, instead, facilitate destruction of infected cells in a process that is completed by phagocytic macrophages. This paradigm has been demonstrated in mouse models of vesicular stomatitis virus and lymphocytic choriomeningitis virus infection, in which depletion of a subset of splenic macrophages yielded enhanced virus recovery with increased morbidity and mortality, despite high levels of IFN and the presence of both Th1 and Th2 adaptive antiviral immune responses [32] [33] [34] .
Apoptotic cellular debris, if left uncleared by macrophages, is injurious. In models of acute lung injury, IFN β elaborated from injured cells induces bystander apoptosis and recruits granulocytes [34] [35] [36] . Persistent debris also further antagonizes macrophage function, a process implicated in the "vicious circle" of SLE pathogenesis [37] . In BALB/c mice and NZB mice with alveolar macrophage depletion, we propose that reduced macrophage function delays clearance of virions and infected epithelial cells ( figure 7, left panels) . The hyporesponsiveness of macrophages in the lung boosts virus replication and cell to cell spread ( figure 7, left middle panel) . Type I IFN and other chemokines expressed by infected epithelia recruit immune cells, which undergo apoptosis after activation in lung tissue. These late apoptotic cell corpses, left uncleared by macrophages ( figure 7, bottom left) , release such factors as IFN β, MIG, and IFN γ-inducible protein-10 (IP 10), which recruit additional inflammatory cells and accelerate tissue destruction. Thus, acute, enhanced RSV disease in macrophage insufficient mice (and, perhaps, in human infants) results from both a failure to clear virus infected cells and a failure to limit inflammation and bystander injury [38, 39] . Similar conclusions were reached in a recent study of parainfluenza virus infection in RANTES deficient mice, in which viral persistence, enhanced inflammatory cell infiltration, and increased mortality were observed [40] . In that study, RANTES appeared to be critical in maintaining lung macrophage survival in the face of viral infection and, therefore, bolstered virus clearance. In our models, expression of RANTES after RSV infection was limited both in NZB mice and in BALB/c mice with alveolar macrophage depletion, perhaps suggesting an autocrine/paracrine role for RANTES in maintaining alveolar macrophage survival or function after viral challenge. These observations underscore the role of lung macrophages as sentinels in lung tissue ( figure 7, right panels) . In addition to scavenging virions and infected cells, macrophages are an early source of chemokines after infection (figure 7, middle right panel). This early chemokine burst rapidly recruits cytotoxic and IFN γ-secreting lymphocytes, curtailing the spread of virus in the lung epithelium (figure 7, bottom right panel). The highly efficient macrophage response to RSV in rodent strains typically used for animal models possibly explains the requirement for extremely high inocula to induce disease in these animals [5, 6] . Moreover, the pathologic changes induced in these high inoculum models appear to represent hyperactivation of an otherwise appropriate response to virus in animals with normally functioning macrophages.
The similarity between RSV induced damage in NZB mice and human infants suggests a common pathogenesis. The immunologic function of lung macrophages in human neonates is incompletely studied; however, maturational defects in infant alveolar macrophages, cord blood macrophages, and monocytes [19] [20] [41] [42] [43] have been reported. Previous studies of monkeys [44] , rats [45] , and rabbits [46, 47] have also demonstrated functional immaturity of alveolar macrophages during neonatal life. Genetic conditions that impair pulmonary macrophage function also have been associated with an increased risk of severe RSV disease [48] [49] [50] . On the basis of these findings, it seems quite possible that uptake of infected epithelial cells, recruited immune cells, and damaged bystanders by alveolar macrophages is inefficient in infants, as in NZB mice, and may be the shared basis for predisposition to severe RSV disease. Vaccination strategies with the potential to stimulate local macrophage function safely may be particularly effective approaches in infants and others with compromised lung macrophage function.
In response to RSV, human neonates and NZB mice displayed apoptotic airway epithelial cells, reparative epithelial processes, and occlusion of airways with mucin poor material. Importantly, these pathologic changes are in marked contrast to those associated with other respiratory conditions featuring airway occlusion. For example, in human allergic asthma and rodent models of asthma, Th2 lymphocytes and their associated cytokines are critical contributors to disease; moreover, there is little to no activation of type II alveolar cells, and the airway lumen is occluded with PAS positive mucus produced by proliferative bronchiolar epithelia. These observations demonstrate that at least 2 distinct pathologic processes can lead to airway occlusion. These 2 pathways may differentially contribute to bronchiolitis, asthma, or asthma exacerbated by respiratory virus infection. A more complete understanding of the inflammatory cascade associated with persistent apoptotic debris may yield novel strategies in the treatment of respiratory diseases featuring airway occlusion. Figure B1 . Validation of respiratory syncytial virus (RSV) strain A2 (RSVA2) stock in vivo. Six week old animals had light anesthesia induced by isoflurane administration. Three groups of mice (5-7 mice/group) received 100 mL of inocula of intact RSVA2 ( pfu/dose) stock, the same viral stock that had been inactivated by ultraviolet irradiation for 30 min before inoculation, or saline vehicle control. Mice were permitted to inhale inoculum and then were placed in microisolator cages to recover from anesthesia. The experiment was terminated on day 6 after infection, and harvested lung tissue specimens were inflated with formalin. A, Representative micrographs of hematoxylin eosin (HE)-stained tissue obtained from each challenge group. The bar denotes 15 µm. B, A histopathologist who was blinded to the study groups analyzed HE stained lung tissue specimens (from 5-7 mice/group). A score was assigned on a scale from 0 (denoting healthy tissue) to 3 (denoting highly inflamed and occluded tissue). The mean score (±SE) for each group is shown. * . Figure B2 . (76 KB) Figure B2 . Cell mediated cytotoxicity assay. Cells obtained by bronchoalveolar lavage (BAL) on day 6 after infection were tested for cytotoxic activity. In brief, a respiratory syncytial virus (RSV)-permissive kidney cell line derived from the New Zealand black (NZB) mouse strain (NZBK; provided by Jay Levy, University of California, San Francisco, San Francisco) was double labeled using a proprietary fluorescent dye and a granzyme B substrate that yields a fluorescent product when cleaved (both were purchased from OncoImmunin). Labeled cells were then infected with RSV strain A2 at an MOI of 10. Twenty four h after in vitro infection, BAL acquired lymphocytes were counted and added to the culture at an effector:target (E:T) ratio ranging from 0:1 to 20:1. After 2 h, conversion of the granzyme B substrate to its fluorescent product was assessed by flow cytometry. Cytolytic activity was expressed as the percentage of double positive cells. Data representative of duplicate experiments are shown. Figure B3 . Depletion of alveolar macrophages in vivo by liposomes formulated with saline buffer with clodronate (hereafter referred to as "clodronate liposomes"). Six week old BALB/c mice had light anesthesia induced by administration of isoflurane. Three groups of mice (5-7 mice/group) were inoculated via the intranasal route with a 50 µL preparation of saline (top), empty liposomes in saline buffer (middle), or clodronate liposomes (bottom). The experiment was terminated 48 h later, and harvested lung tissue was inflated with formalin. Alveolar macrophages were identified by immunohistochemical analysis performed using an antibody reactive with galectin 3. Representative micrographs are shown. The bar denotes 30 µm. Tissue specimens sham infected with respiratory syncytial virus (RSV) (top panels); tissue specimens on day 2 (middle panels) and day 6 (bottom panels) after RSV infection. The bar denotes 15 µm. Figure B5 . Depletion of lung macrophages and enhanced detection of respiratory syncytial virus (RSV) antigens (Ags) and interferon inducible myxovirus resistance gene (Mx) protein. Six week old BALB/c mice had light anesthesia induced by administration of isoflurane. Three groups of mice (7 mice/group) were inoculated via the intranasal route with 50 µL of saline or an equal volume of liposomes formulated with clodronate in saline. Two days later, each group was inoculated with pfu of RSV strain A2 stock or vehicle control. The experiment was terminated on day 6 after infection. Lung tissue specimens were inflated with formalin, embedded in paraffin, and sectioned. Hematoxylin eosin (HE) staining was performed to assess general histopathologic assessment, and Mx and RSV antigens were detected by immunohistochemical analysis (IHCA). Representative micrographs are shown. The bar denotes 30 µm (for HE staining) or 15 µm (for Mx and RSV IHCA). Table C1 . Comparison of immune mediators and virus recovery in BALB/c and New Zealand black (NZB) mice. Table C2 . Influence of alveolar macrophage depletion on chemokine recovery after respiratory syncytial virus (RSV) infection.
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